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Use of polyphenol compounds or derivatives thereof 
as free-radical scavengers in cigarette filters 

The present invention relates to the use of 
5 polyphenol compounds or derivatives thereof as free- 
radical scavengers in cigarette filters. 

Many polyphenol compounds are known for their 
beneficial properties in fields as varied as hyperten- 
sion, hypercholesterolemia, involved in cardiovascular 
10 diseases, viral infections or inflammatory phenomena. 
The ant i-lipoperoxi dative and ant i -carcinogenic activi- 
ties of certain polyphenols have also been described. 

Moreover, the incorporation of polyphenols from 
green tea into a cigarette filter has been envisaged to 
15 eliminate the unpleasant odour of cigarettes. 

The authors of the present invention have now 
discovered that the incorporation of polyphenols or 
derivatives thereof in a cigarette filter makes it 
possible efficiently to remove the free radicals of the 
2 0 cytotoxic molecules of cigarette smoke during their 
passage through the filter. 

The subject of the present invention is thus 
the use of polyphenol compounds as free -radical 
scavengers in cigarette filters. 

2 5 The polyphenols used in accordance with the 

present invention can preferably be chosen from 
carnosol, rosmanol , rosmarinic acid and carnosic acid, 
and derivatives thereof. 

The term "derivatives" in particular means 

3 0 compounds derived from polyphenol compounds by sub- 

stituting the hydrogen atom of at least one of the 
hydroxyl groups of the polyphenol compounds with a Ci-C € 
alkyl group or a (Ci-C 4 alkyl ) carbonyl group. Acetates 
such as carnosic acid acetates and rosmarinic acid 
3 5 acetates are preferred derivatives of the polyphenol 
compounds used in accordance with the invention. 

The term "derivatives" of the polyphenols used 
in accordance with the invention such as carnosol , 
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rosmanol f rosmarinic acid and carnosic acid also means 
the isomers of the said polyphenols such as, in 
particular, epirosmanol and isorosmanol (Nakatani et 
ah, Agric. Biol. Chem. , 1984, vol-- 48, No. 8, 
5 pp. 2081-2085) . 

These compounds can be obtained by conventional 
chemical synthesis or by biotechnological synthesis, 
according to processes that are known to those skilled 
in the art* They can also be isolated from plant 
10 extracts. 

The said polyphenols can also be used according 
to the present invention in the form of a plant 
. extract, preferably an extract of a plant from the 
Labiatae family, in particular such as an extract of 
15 roserttary (Rosmarinus officinalis L.)- 

Such a plant extract can be obtained by extrac- 
tion with a polar solvent such as an alcoholic or 
aqueous-alcoholic solvent. The alcohol used as solvent 
can in particular be ethanol. This extract can also 
2 0 advantageously be obtained using supercritical carbon 
dioxide and, in that case, is richer in polyphenol 
compounds . 

The plant extract used according to the inven- 
tion can preferably be obtained by extraction with a 

2 5 polar solvent followed by an extraction with super- 

critical co 2 * 

The extraction of rosemary is preferably 
carried out on dried plants, for example on rosemary 
branches, chopped and dried in the sun for 4 to 5 days* 

3 0 The polyphenol compounds or derivatives 

thereof, obtained by chemical or biotechnological 
synthesis or by extraction from plants, can be used 
alone or as a mixture in accordance with the invention. 

Preferably, a mixture of carnosol, carnosic 
3 5 acid and rosmarinic acid may be used advantageously. 

The polyphenol compounds or derivatives thereof 
can be used in free form or can be conjugated or 
coupled to a carrier, making it possible to increase 
the weight of the polyphenol -carrier assembly. 




Microbeads may in particular serve' as carrier. 
They may be made, for example, of plastic (polystyrene 
or the like) or of glass. 

The polyphenol compounds can be. incorporated 
5 into the cigarette filters in a proportion of from 
0.5 mg to 0*5 gram, preferably 0.002 gram to 0.1 gram, 
preferably 0.01 gram. 

When the polyphenol compounds are dissolved in 
a solvent, the cigarette filter can advantageously be 
10 soaked with the said solvent containing the poly- 
phenols, followed by evaporation of the said solvent. 
More particularly, the cigarette filter can be soaked 
with an alcoholic or aqueous -alcoholic plant extract 
and then 'subjected to evaporation of the alcoholic or 
15 aqueous -alcoholic solvent. 

The polyphenol compounds or derivatives thereof 
can also be dissolved in a saturated oil, and thus 
incorporated into the cigarette filter. 

A subject of the invention is also a process 
20 for preparing a cigarette filter, in which polyphenol 
compounds chosen from carnosol , rosmanol , rosmarinic 
acid and carnosic acid, and derivatives thereof, are 
incorporated into the said cigarette filter. 

Another subject of the invention is a cigarette 
25 filter obtained by the above process. Such a filter 
makes, it possible to reduce the amount of free-radical 
molecules present in cigarette smoke. 

The authors of the present invention have 
discovered that polyphenols or derivatives thereof 
3 0 incorporated into a cigarette filter trap the free 
^ - radicals of the cytotoxic molecules present in 
cigarette smoke, both in the aqueous phase and in the 
solid phase of the smoke, which consists essentially of 
tars . 

3 5 These cytotoxic molecules promote the develop- 

ment of cancers in smokers, in particular lung cancer. 

The polyphenols or derivatives thereof incor- 
porated into a cigarette filter also exhibit, firstly, 
inhibition of the activity of the carcinogenic 
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compounds by reducing the formation of heterocyclic 
amines during the combustion of "the tobacco, and, 
secondly, a detoxification of the carcinogenic 
compounds, such as benzopyrene* 

The figure and the examples which follow illus- 
trate the invention without limiting its scope. 

The attached figure is a graph representing the 
intensity of the signal, in electron paramagnetic 
resonance, of the tert -butyl oxy radicals in the gas 
phase of the cigarette smoke as a function of the 
amount of extract of rosemary incorporated into the 
filter . 

EXAMPLE 



A - Preparation of an extract of rosemary 

Spikes of rosemary (Rosmarinus officinalis L.) 
are subjected to extraction with ethanol at 65°C. The 
volume of ethanol used (in litres) corresponds to five 
20 times the weight in kg of the rosemary spikes. 

T he extract is then purified and enriched in 
polyphenols by " selective extraction with supercritical 
C0 2 > Depending, on^ tHe temperature adjustment made 
between 4 0°C and 100° C and on the pressure adjustment 

2 5 made between 1 and 17 0 bar, the extract is purified and 

selectively enriched in its various components. 

Such an extract contains the following 
compounds : 

- - carnosol, 

3 0 _ rosmanol, 

- rosmadial, 

'~- carnosic acid, 

- genkwanine, 

- - rosmarinic acid, etc. 

35 The proportions of these various components 

vary according to the rosemary plant used. Generally, 
an extract comprising about 25% rosmarinic acid, about 
10% carnosic acid and about 5% carnosol is obtained. 
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B - Incorporation of the extract into a 

cigarette filter 

A cigarette filter is soaked either with the 
extract prepared, the ethanol then being evaporated 
off, or with an oily phase based on Crodamol 
(Franchise d'Aromes et Parfums) , in which a powder 
obtained by drying the extract prepared above is 
dissolved. 

C - Efficacy of the filter containing the 
p o lypheno 1 s 



1. Computer-assisted modelling : 

The efficacy of the cigarette filter thus 
15 prepared is demonstrated in a first stage by computer- 
assisted modelling, according to the Monte-Carlo 
method, which makes it possible to calculate the number 
of encounters between a carcinogenic target molecule 
and a polyphenol compound used in accordance with the 

2 0 invention. 

The number of cytotoxic molecules containing 
free radicals present in the cigarette smoke was 
calculated on either side of the filter. 

The number of cytotoxic molecules is a function 

2 5 of the volume of smoke passing through the filter, the 

volume of the filter, the concentration of cytotoxic 
molecules in the smoke and the concentration of poly- 
phenols in the filter. 

The authors of the present invention have thus 

3 0 shown that 0.01 g of the extract of rosemary incor- 

porated into a cigarette filter makes it possible to 
reduce the level of molecules containing cytotoxic free 
radicals in the cigarette smoke by more than 70%. 

3 5 2 . Electron paramagnetic resonance : 

The radical -scavenging activity of the extract 
^comprising carnosol , rosmarinic acid and carnosic acid 
was confirmed by Electron Paramagnetic Resonance (EPR) 
spectroscopy, optionally using the " spin- trapping" 



method. 



a. Materials and methods 
EPR is a technique which makes it possible to 
5 study paramagnetic substances directly or indirectly. 
Paramagnetic compounds are molecules containing a 
single unpaired electron in their outer valence shell. 
Such substances are denoted by the term "radicals". 
When these radicals have very short lifetimes (very 
10 much less than one second) , it is advantageous to use 
the "spin- trapping" technique. This consists in using 
traps capable of stabilizing the radicals produced by 
the formation of an adduct, and thus of measuring them 
over several minutes. This reaction takes place in the 
15 following way; 

Short-lived + trap -» adduct 

radi ca 1 (diamagnet i c ) ( paramagne tic) 

(paramagnetic) 

DMPO (5 , 5 1 -dimethylpyrroline N-oxide) was used 
as the 11 trap" . 

20 Radical -scavenging activity on the radicals 

produced in the gas phase of cigarette smoke: 

The device for trapping the radicals of the gas 
phase of cigarette smoke is described in Pryor et al . , 
Environmental Health Perspectives, 1976, vol. 16, 
25 pp. 161-175. 

A cigarette is placed at the end of such a 
device, and the gas phase of the smoke, after passing 
through a Cambridge filter (finer than a cigarette 
filter in order to retain the tars) , is dissolved in a 
3 0 "spin- trap'* benzene solution. 

For each measurement the DMPO is adjusted to a 
concentration of 32 mM in a solution of benzene and the 
gas phase of two cigarettes is used. 



Radical -scavenging activity on the semiquinone 
radical contained in the solid phase of the cigarette 
filter* 

Besides the free radicals produced in the gas 
5 phase of the smoke, free radicals are also present in 
the tars which are partially stopped by the solid phase 
of conventional commercial filters. 

The radical, which is mainly present in these 
tars and which is responsible for a carcinogenic 
10 activity that has been well-established to date, is of 
semiquinone nature. This semiquinone, which has a long 
lifetime, is able to react in cells and thus produce 
harmful species such as oxygen- containing radicals, 

A second series of experiments consisted in 
15 studying the semiquinone radical contained in the solid 
phase 0 f the filter. This study does not require the 
use of traps. Specifically, the detection of the 
radical, which has a very long lifetime, is made 
in situ on the filter recovered, 

20 

b. Results 

Efficacy in solution of the extract of rosemary 
in trapping free radicals produced in the gas phase 

In order to evaluate the ability of the extract 
25 of rosemary to trap the radicals in the gas phase of 
cigarette smoke in solution in benzene, the intensity 
of the EPR signal of the tert -butyl oxy„ radicals was 
evaluated as a function of the amount of extract of 
rosemary added to the trapping solution, expressed in 
3 0 grams of dried powdered extract. 

A decrease in the signal indicates that the 
extract of rosemary has a higher radical^ trapping rate 
than that of DMPO (cf. figure). 

Efficacy of the extract of rosemary ±n trapping 
3 5 radicals produced in the gas phase, after impregnating 
the filter with dried extract of rosemary dissolved in 
Crodamol® : 

The filter was impregnated with 250 of the 

Crodamol^-based lipid phase, containing 10 mg/ml of 
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dried powdered extract of rosemary. 

EPR analysis of the spectrum of the tert- 
butyloxy (tBuO 0 ) radical dissolved in benzene made it 
possible to observe a 65% decrease in the signal of the 
DMPO/tBuO* adduct. This result shows that the extract 
of rosemary used is effective in inhibiting the 
formation of the tBuO 0 radicals. 

Efficacy of the extract of rosemary in trapping- 
radicals produced in the eolid phase, after 
Impregnating- the filter with dried extract of rosemary 
dissolved in Crodsunol : 

In parallel with the experiment carried out 
above, the signal of the semiquinone radical present in 
the cigarette filter was evaluated. 
1S i A decrease of about 63% in the semiquinone 

signal was observed after treatment of the filter with 
the extract of rosemary. Furthermore, it is interesting 
to note that no new signals appear which could indicate 
the formation of new radicals due to the trapping by 
the extract of rosemary. Consequently/ these results 
show that the extract of rosemary is active as regards 
its ability to quench the semiquinone signal, and that 
it does not undergo, during this reaction, any conver- 
sion generating a new radical* 



